INTRODUCTION
FOURTEEN SPECIES of leafhoppers in the subfamily Tettigoniellinae have been reported to transmit the virus of Pierce's disease of grapevines. These species are listed and a number of reports on the virus and its vectors summarized in the first paper of this issue (DeLong and Severin, 1949) . 3 The report (Hewitt, Houston, Frazier, and Freitag, 1946) that the virus causing Pierce's disease of grapevines was identical with that causing alfalfa dwarf stimulated further tests on intertransmission. Frazier and Freitag (1946) reported that ten vectors transmitted virus both from grapevines infected with Pierce's disease to healthy vines and alfalfa, and from alfalfa plants infected with dwarf to healthy vines and alfalfa. These tests, like all others previously reported, were made with multiple lots of vectors, and hence do not furnish data on comparative efficiency. For this purpose, single-insect tests must be used.
In order to find out which vectors were most important, single-insect tests were undertaken in 1942. Efficiency was determined not only for transmission from diseased to healthy grapevines and from diseased to healthy alfalfa plants, but also for intertransmission between grapevines and alfalfa; not all of these tests were made on every vector, however. The present paper reports results with nine of the vectors described in the first paper of this issue (DeLong and Severin, 1949) . With two species that proved to be inefficient vectors, multiple-lot tests for transmission were made. Unsuccessful transmission tests with a number of other leafhoppers and a few fulgorids and cicadas are also reported.
Longevity records were kept on three species, and are reported here. In planning control experiments, it is important to know how soon after acquiring the virus a vector can trans.mit it to a healthy plant, and how long the vector can continue to transmit the virus after becoming infective. Accordingly, tests were made on the latent period in three important leafhopper vectors of Pierce's-disease virus, and on retention of the virus in the blue-green sharpshooter, N eokolla circellata (Baker). Results are reported in this paper. Previous reports on these aspects in the leafhopper vectors of other viruses are summarized for comparison with results on vectors of Pierce's disease.
METHODS
The method of obtaining noninfective green sharpshooters, Draeculacephala minerva Ball, was one first used by J. H. Freitag. Large populations of this leafhopper were collected in the field, and 100 or more adults were allowed to deposit eggs in the leaves of mildew-resistant Sacramento barley,
EFFICIENCY
In the efficiency tests, each species of leafhopper was fed on infected grapevines, and some species also on diseasd alfalfa, for 2 days. Friscanus friscanus survived only 2 to 6 days on grapevines and 3 to 12 days on alfalfa plants (table 3, page 193) , and hence this species was sometimes kept on diseased grapevines for 1 day only. After the feeding period on diseased plants, the insects were transferred singly and kept on healthy plants during adult life.
The following nine vectors were used in single-insect tests for efficiency in transferring the virus of Pierce's disease of grapevines from infected to healthy grapevines: Four of these-Draeculacephala minerva, N eokolla circellata, Pagaronia confusa, and P. triunata-were also tested for transfer of the virus from infected grapevines to healthy alfalfa. The numbers and sex of the insects tested and the results obtained are shown in table 1. The blue-green sharpshooter, N eokolla circellata, proved to be the most efficient of those tested; 192 Hilgardia [Vol. 19, No.6 it infected 65 per cent of the 250 grapevines and 35 per cent of 150 alfalfa plants. Frazier and Freitag (1946) , in multiple-lot tests with Pagaronia triunata, obtained no transmission of the virus from infected to healthy grapevines, from infected grapevines to healthy alfalfa, or from infected alfalfa to healthy grapevines; but in transfers from infected to healthy alfalfa, 3 of 10 plants were infected. With Friscamus [riscanus, they transmitted the virus from alfalfa dwarf to 3 of 3 grapevines and 3 of 25 alfalfa plants; no tests of virus from infected grapevines were made with this species. In the present tests with 5-insect lots of Paqaronia triunata, 3 infections were obtained with 11 lots transferred from infected to healthy grapevines; and 1 infection in 10 lots transferred from infected alfalfa to healthy vines. No infections were obtained in alfalfa, either from infected alfalfa or from infected grapevines; 10 lots were tested from each host.
With Friscanus [riscanus, no infections were obtained with 4 lots of 5 adults transferred from infected to healthy alfalfa.
LONGEVITY OF LEAFHOPPERS
Longevity of adults was determined with Paaaronia confusa, P. triunata, Friscanus friscanus, and Neokolla circellata. In the records for the first three species, given in table 3, results on diseased and on healthy plants are not separated; there' seemed to be no significant difference. On both hosts the females average somewhat higher than the males; but the longevity is low for all three species on both hosts-a fact which may partially account for the low percentages of infection obtained with these vectors.
Longevity of N eokolla circellaia is reported in connection with retention of virus in table 7 (page 200). One male lived for 129 days, one female for 92 days on wild grapevine seedlings in the greenhouse. As noted in the second 194 Hilgardia [Vol. 19, No.6 paper of this issue (Severin, 1949) , under natural conditions at Berkeley, adults of this species live from summer of one year to spring of the next. This species has been collected on wild grapevines (DeLong and Severin, 1949) and is probably better adapted to this host than the other three species, whose natural food plants seem to be grasses and weeds, especially legumes.
SPECIES THAT FAILED TO TRANSMIT THE VIRUS
Leafhoppers, Subfamily Anthysaninae. Four species of leafhoppers of the subfamily .Anthysaninae that had not previously been reported upon were tested for transmission of the virus causing Pierce's disease and alfalfa dwarf. The species tested and the number of lots used were as follows: In addition, X erophloea vanduzee was tested for transmission of the virus from infected grapevines to healthy alfalfa (5 lots) and from infected alfalfa to healthy grapevines (5 lots). In all tests, 20 adult males were used in each lot.
All results were negative. Including tests previously reported, the species in this subfamily that have failed to transmit the virus are:
Texananus lathropi Baker (Severin, 1945) Texananus latipex DeLong (Severin, 1945) Texananus spatulatus (Van Duzee) (Severin, 1945) Acinopterus angulatus Lawson (Severin, 1947a) Cloanthanus irroratus (Van Duzee) (Severin, 1947b) Euscelis maculipenis DeLong and Davidson (Severin, 194 7b ) Geminate leafhopper, Colladonus geminatus (Van Duzee) (Severin, 1948) Mountain leafhopper, Colladonus montanus (Van Duzee) (Severin, 1948) Beet leafhopper, Eutettix tenetius (Baker) Short-winged aster leafhopper, Macrosteles divisus (Uhler) Long-winged aster leafhopper, Macrosteles divisus (Uhler) Xerophloea vanduzee Lawson A large number of other undetermined species of leafhoppers belonging to the subfamily Anthysaninae were tested but none transmitted the virus causing Pierce's disease of grapevines and alfalfa dwarf.
Fulgorids, or Lantern Flies, Family Issidae. Since the adults and egg masses of H ysteropterum severini (Caldwell and DeLong, 1948) (plate 3, I, J) were occasionally taken on grapevines, an attempt was made to transmit the virus causing Pierce's disease of grapevines and alfalfa dwarf by means of this species of fulgorid. Fifty males and 50 females were kept on diseased grapevines for one day and then each adult was fed on a healthy vine until it died. All attempts to transmit the virus to 100 healthy vines were failures. Negative results were obtained with 20 lots of 5 adults kept on infected grapevines for one day and then transferred to healthy vines and alfalfa plants. The virus was not transmitted by 10 lots of 5 adults fed on infected alfalfa and trans- April, 1949J Severin: Transmission of Virus of Pierce's Disease 195 ferred to healthy grapevines; or by 20 lots of 10 adults transferred from diseased to healthy alfalfa plants. This species of fulgorid also failed to transmit the California aster yellows virus from infected celery to healthy celery plants.
The adults of Husteropterum severini were collected on July 2, 1946 on California mugwort, Artemisia vulgaris, and on Brickellia californica, growing along the banks of the Russian River, near Geyserville, Sonoma County. The adults were commonly taken on olive trees, on coyote brush, or chaparral broom, Baccharis pilularis, and occasionally on grapevines on July 2, 17, and 25 near Cloverdale, Sonoma County.
Egg masses were abundant on the trunks and branches of olive trees ( fig.  1) , occasionally on apple, plum, Oregon oak trees (Quercus qarruano.), poison oak (Rhus diversiloba) , grapevines, and on fence posts.
Another species of fulgorid, N eaih.us maculaius Melichar, was commonly collected on Parry manzanita, Arctostaphylos manzanita, in grape-growing districts of Sonoma County. The transmission of the virus was not accomplished with 50 males and 50 females kept on diseased grapevines for 1 or 2 days and then transferred singly to healthy vines. Twenty lots of 5 adults failed to transmit the virus from Pierce's disease of grapevines to 10 healthy vines and 10 healthy alfalfa plants. The virus was not transmitted Some undetermined species of fulgorids failed to transmit the virus causing Pierce's disease of grapevines and alfalfa dwarf.
Cicadas, or Harvest Flies. R. Flock carried on extensive tests with undetermined nymphs of cicadas or harvest flies, which survived on the roots of diseased and healthy grapevines for months. No infections were obtained.
LATENT PERIOD
Since N eokolla circellata, Carneocephala fulgida, and Draeculacephala minerva proved to be three of the most important vectors of Pierce's-disease virus, they were used in determinations of the latent ("incubation") period. Helochara delta, another vector, was also used in some tests. 
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These species are xylem-feeding insects (Houston, Esau, and Hewitt, 1947 ). Like all xylem-feeding species, they excrete large quantities of excrement while feeding. When the blue-green sharpshooter, N eokolla circellata, was abundant on shrubs and trees in a Berkeley garden, the feces dropping from nymphs and adults resembled a fog.
Until the work on vectors of Pierce's-disease virus began, there had been no reports of xylem-feeding vectors, and no studies on latent period or re- tention of the virus in such insects. However, the length of the latent or "incubation" period of viruses in phloem-feeding species of leafhoppers may be of interest for comparison with that in the three xylem-feeding leafhoppers included in this investigation. These periods, as reported in the literature, are summarized in table 4. Hewitt, Houston, Frazier, and Freitag (1946) reported that the incubation period of the virus causing Pierce's disease of grapevines in Draeculacephala minerva, "if such exists," was less than 4 days.
Tests on Grapevines. Lots of from 5 to 20 males were fasted from 1 to 2 hours, and then were kept on diseased grapevines for 1 hour (with a few lots, 198 Hilgardia [Vol. 19, No.6 2 to 4 hours-see table 5). Hourly transfers were made to successive healthy grapevines for a period of 2 to 13 hours. A total of 16 lots of three species was tested. As shown in table 5, the minimum latent period of the virus in Carneocephala fulgida and in N eokolla circellata was 2 hours, maximum 7 hours; in Draeculacephala minerva minimum 7 hours, maximum 24 hours.
Future experiments may demonstrate that the minimum latent period in the three species of leafhoppers may be shorter than 2 hours. (1924) . Freitag (1936) . Wallace and Murphy (1938) . Black (1936, 1937, 1943 Tests on Alfalfa. Five lots of 20 adult Carneocephala fulgida were kept on alfalfa dwarf plants 1 day and then each lot was transferred daily to six successive healthy alfalfa plants. One lot caused 2 infections during the sixth and seventh days, another lot 1 infection during the seventh day, and three lots failed to transmit the virus to any of the inoculated plants.
In a similar test, 3 lots of 20 adults of Draeculacephala minerva failed to transmit the virus from alfalfa dwarf to healthy alfalfa plants.
In a test of H elochara delta conducted in the same manner, 5 lots of 20 adults failed to transmit the virus from alfalfa dwarf to successive healthy alfalfa plants.
One lot of 25 N eokolla circellata was kept on alfalfa dwarf for 1 day and was transferred daily to 6 successive healthy alfalfa plants. All plants were April, 1949] Severin: Transmission of Virus of Pierce's Disease 199 infected. Two other lots of 20 adults failed to transmit the virus to any of the plants. Hourly transfers were not attempted on alfalfa.
Further experiments are necessary to determine the minimum latent periods of the virus causing alfalfa dwarf in the first three species of leafhoppers.
RETENTION OF VIRUS BY THE BLUE-GREEN SHARPSHOOTER
Single adults of the blue-green sharpshooter, N eokolla circellata, were tested for retention of the virus from infected grapevines and alfalfa.
As with the latent period, previous reports on retention of viruses concern' phloem-feeding leafhoppers. But a summary of these reports (see table 6 ) may be of interest for comparison with the results with the xylem-feeding blue-green sharpshooter.
Many species of phloem-feeding leafhoppers have been reported to lose their infectivity after varying periods. Ten species of leafhoppers that transmit the California aster-yellows virus lost their infectivity after 1 to 99,days (table 6) (Severin, 1945 (Severin, , 1946 (Severin, , 1947a (Severin, , 1948 . Some species retain the virus over winter. Thus Wallace and Murphy (1938) report that the beet leafhopper, Euieitix ienellus (Baker)~may retain the curly-top virus throughout the winter without apparent change in virulence; they state, however, that under certain environmental conditions, some specimens lose their infectivity when restricted to a nonsusceptible host plant. Black (1936, 1937) reports that the clover leafhopper, Aceraiaqollia samquinolenia (Provancher), retained the potato-yellow-dwarf virus for 167 days while hibernating without access to food.
Several species retain viruses, at least occasionally, throughout life. This has been reported of the following viruses and vectors: Curly-top virus by the beet leafhopper, Euteitix tenellus (Baker) (Severin, 1924; Freitag, 1936) . New York aster-yellows virus by the aster leafhopper, Macrosteles diuisus (Uhler) (Kunkel, 1926) . Streak of corn (maize) by the maize leafhopper, Cicadulina mbila Naude (Storey, 1925) . Dwarf or stunt of rice by the rice leafhopper, N ephotettix apicalis Motseh, var. cincticeps Uhler (Fukushi, 1940) . With most of these species, some specimens lost infectivity before death.
Tests on Grapevines. The retention of the virus was determined with single males and females of the blue-green sharpshooter which had completed the nymphal stages on grapevines infected with Pierce's disease. Each adult was transferred daily to successive healthy wild grapevine seedlings until it died. The results are shown in table 7.
The longevity of most of the insects was too short to furnish much evidence on retention. But one male retained the virus 122 days. The male lived 7 days after its last infection; but since the elapsed time between some earlier infections was greater than this, and since infections were as frequent in late adult life as earlier, there is no evidence that this male had lost its infectivity before death. Several females caused infectivity on the last day of adult life, including one female that lived 92 days. Evidently the virus is retainedthroughout adult life, under greenhouse conditions. Days on which successive infections occurred 15,22,23,39,49,59,61,64,65,66,67,71,76,78,84,85,86,87, 91, 94, 103, 106, 114, 117, 118, 120, 122 . 4, 6, 8, 9, 11, 13, 14, 20, 40 6, 11, 13, 19, 25, 48, 49, 51, 56, 59, 61, 64, 69, 76, 78, 79, 83, 84, 86, 89, 91, 92 . 1,3,7,8, 13, 16, 17,20,25,49,50. . . .., '" 8,11,13,15,17,29,32,36 Under natural conditions the adults overwinter, and the virus may not be retained during the entire adult life. The investigation furnished no evidence on this point.
Tests on Alfalfa. All attempts to determine the retention of the virus by 5 N eokolla circellata tested singly in transfers from alfalfa dwarf to healthy alfalfa plants were failures; none of the specimens transmitted the virus.
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